Nitrous oxide (N 2 O) is a commonly used anaesthetic agent worldwide. It is stored in liquid form in steel cylinders or in large hospital tanks. A potential hazard is involved with mishandling of cylinder valves. The temperature of the jet stream of nitrous oxide escaping the cylinder is as low as -55°C 1 .
CASE HISTORY
The patient was a forty-year-old male who was working for a company providing medical instruments. Fellow employees of the man heard two explosions coming from a storage room where he was working. Immediately after the explosions he was seen to rush out of the room. He was only able to say the word "gas" with a hoarse voice. He was immediately admitted to the local University Hospital.
A large cylinder containing nitrous oxide, not equipped with a pressure reducing valve, was found on the floor of the storage room. A high pressure tube, attached to the valve of the cylinder, was broken 15 cm distal from the cylinder. The cylinder was found to be closed when the firemen examined the accident site.
The patient arrived in the Emergency Room of the Hospital in 17 minutes. He was able to breathe with difficulty only when sitting in an upright position and could speak only few words in a very hoarse voice. Massive oedema around the lower part of his face, and especially around the mouth, was present ( Figure 1 ). Supplemental oxygen was delivered via a facemask. However, soon after arrival oxygen saturation (SpO 2 ) decreased from 97% to 87%. The patient was immediately transferred to the operating room for emergency tracheostomy. Because of great difficulty in breathing when lying supine, fibreoptic transnasal intubation in a sitting position was considered the safest method of securing the airway. The patient was informed of the procedure and 0.05 mg fentanyl IV and topical anaesthetic spray of 4% lignocaine were given. At fibreoscopy the nasal mucosa showed to be slightly oedematous and the mucosa of the pharynx was whitish and massively swollen. The swelling extended to the level of the vocal cords. The trachea seemed normal. When an intubation tube was passed over the fibrescope into the trachea, immediate relief in breathing ensued. The patient was anaesthetized and a tracheostomy was performed. After the airway was secured, the patient's vital signs were stable.
The patient was then transferred to the Intensive Care Unit where he was seen by a plastic surgeon. Methylprednisolone 600 mg daily divided in four doses was started. Prophylactic antibiotic treatment with cefuroxin and metronidazole was begun. The patient was lightly sedated with infusions of midazolam and fentanyl and the lungs were mechanically ventilated for the next nine days. Chest X-ray was normal during the course of ventilator therapy. Two days after the accident a CT scan of the head and neck revealed massive swelling in the upper airway extending from the lips to the level of the tracheostomy.
An ENT surgeon and an ophthalmologist were consulted three days after the injury. Slight chemosis was found on the conjunctiva of both eyes, and topical antibiotic was prescribed. The maxillary sinuses were punctured because of fluid levels in the paranasal sinuses seen on the CT scan.
Four days after the injury, a magnetic resonance scan of the head and neck still revealed massive oedema of the mouth and pharynx (Figures 2 and 3 ). The trachea was oedematous with no air space visible down to a level of few centimetres above the tracheostomy tube.
Five days after the injury, the patient was transferred to the Burn Unit of the Hospital. The vital signs were stable and the patient had no cognitive deficits. Fibreoptic bronchoscopy through the tracheostomy tube revealed normal tracheobronchial epithelium. The face and oral mucosa were still very swollen, and the tongue protruded out of the mouth. Revisions and debridement of the mucosa of the tongue, hard palate, and buccal areas were carried out repeatedly. Large areas of debrided mucosa were removed. The injured areas were daily rinsed with saline and hydrogen peroxide. Subsequently, swelling subsided and re-epithelialization of the tongue occurred. There were no signs of local or systemic infection. Eighteen days after the injury, direct laryngoscopy revealed normal vocal cords, and the patient's trachea was decannulated.
The patient was discharged three weeks after the injury. At this time, he was able to speak and swallow although the oral mucosa was still tender and bleeding slightly from non-scarred areas. On inspection two months later, the buccal mucosa had healed and scarred. The tongue was smooth, but a breakdown of the normal structure of the papillae was noticed. The patient's mouth was contracted, and only restricted opening was possible (Figure 4) . A dental surgeon was consulted, and stretching practice of the mouth was started.
Five months after the injury, the lips, buccal and pharyngeal epithelium, and the soft palate were scarred. Opening of the mouth was restricted to 2.5 cm. Movement of the tongue was normal as well as taste and smell sensations. Videofluorography indicated normal swallowing. Biopsy of the buccal epithelium confirmed scarring and fibrosis.
The circumstances of the accident remain unclear. The patient did not remember sustaining the injury, and denied suicidal behaviour or recreational misuse of nitrous oxide.
DISCUSSION
Nitrous oxide is delivered in steel cylinders as colourless liquid. It has a boiling point of -89°C and a vapour pressure of 5168 kPa at 20°C 2 . In hospitals, liquid nitrous oxide is delivered in gaseous form through pressure reducing valves attached to the cylinders. A malfunctioning or mishandled valve stem of a nitrous gas cylinder may cause escape of liquid nitrous oxide from the cylinder. In the present case, liquid nitrous oxide escaped through a break in a high-pressure tube.
Frostbite injuries due to nitrous oxide vapour have been reported among anaesthesiologists as an occupational hazard. Frostbite of the hand was encountered in two cases due to inadvertent leakage of liquid nitrous oxide through the valve stem from a cylinder 3, 4 . These were minor injuries without permanent sequelae.
Nitrous oxide has been subject to abuse among medical personnel as well as the general public. The intentional inhalational abuse of nitrous oxide to achieve euphoria has caused frostbite of the face. The escaping cold gas has resulted in contact cold injury of the cheek in a patient sniffing nitrous oxide from the valve of a nitrous oxide cylinder 5 . Similarly, minor frostbite injury of the oral cavity was encountered in a hospital porter abusing nitrous oxide 1 . Recreational abuse of nitrous oxide in an enclosed space may be hazardous, and several deaths due to hypoxia have been reported 6, 7 . Furthermore, chronic misuse of nitrous oxide is associated with polyneuropathy 8 .
In the present case, the patient sustained a lifethreatening frostbite of the oral cavity and pharynx with massive oral swelling and impending obstruction of the upper airway. Prompt fibreoptic transnasal intubation was performed to secure the airways. Emergency fibreoptic intubation is safe and includes a fairly high success rate 9 . In the present case, the patient was not able to lie supine on account of breathing difficulties, thus making the accomplishment of primary tracheostomy difficult. Securing the airway must be given high priority in all cases of exposure of the airway to extreme cold injury.
The treatment and outcome of a severe oral frostbite is not well established, as this injury seems to be very rare. Elliott reported a second-degree frostbite of the oral cavity due to intentional inhalation of aerosolized propane propellant, with complete healing within two weeks of injury 10 . In the present case, the patient sustained a severe third-degree frostbite injury of the mouth, oral cavity and upper airways as a consequence of rapid freezing from liquid nitrous oxide. The lingual, buccal, palatal and pharyngeal mucosa initially became massively oedematous with subsequent necrosis of the mucosal tissue of the oral cavity. After the airway was secured, treatment was 719 
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Anaesthesia and Intensive Care, Vol. 24, No. 6, December 1996 focused on infection prophylaxis with systemic antibiotics and local treatment with daily rinsing, debridement and revisions of the oral cavity. Methylprednisolone treatment was started to restrict the massive orofacial injury and oedema, as steroids may preserve the patency of microcirculation in cold injuries 11, 12 , though this is a matter of controversy.
The scarring of the oral and pharyngeal mucosa, seen two to five months after the injury, caused surprisingly little disability to the patient. Speech, swallowing as well as sensation of taste and smell were normal. Scarring and restriction of the oral orifice were the main problems.
In conclusion, a nitrous oxide jet stream escaping from broken high pressure tubing caused severe oral frostbite which rapidly led to complete obstruction of the airway, thus making rapid securing of the airway necessary. The anaesthesia community and other medical personnel dealing with nitrous oxide cylinders should be aware of this potential hazard and its rapid and proper treatment.
